3

Experimental Section
1-1. General Procedures.
All manipulations involving air-and moisture-sensitive Mo 2 complexes were operated using standard Schlenk or glovebox techniques under argon. MBTCD S1 and molybdenum complexes (Mo 2 (OAc) 4 (1), S2 Mo 2 (OAc) 3 [(ArN) 2 CH] (Ar = 2-MeOC 6 H 4 , 2), S3 Mo 2 (OAc) 2 [(ArN) 2 CH] 2 (Ar = 4-MeOC 6 H 4 , 3a and 3b; Ar = 2,6-Me 2 C 6 H 4 , 3c), S4 Mo 2 (OAc)[(ArN) 2 CH] 3 (Ar = 4-MeOC 6 H 4 , 4), S5 and Mo 2 [(ArN) 2 CH] 4 (Ar = 4-MeOC 6 H 4 , 5) S6 ) were prepared according to the literatures.
Anhydrous hexane, toluene, THF, Et 2 O, acetonitrile, and dichloromethane were purchased from Kanto Chemical, and further purified by passage through activated alumina under positive argon pressure as described by Grubbs et al. S7 Other organic substrates and n Bu 4 NCl were purchased, and dried and deoxygenated. HMBC spectra. UV-vis spectra were recorded on Aglient 8453 spectrometer. Cyclic voltammograms were measured by BAS ALS610D spectrometer using a standard three-electrode configuration with working electrode (glassy carbon), counter electrode (platinum), and reference electrode (silver wire). [ n Bu 4 N] [PF 6 ] was used as the electrolyte, and Cp 2 Fe was used as the standard. GC-MS measurement was carried out using a DB-1 capillary column (0.25 mm x 30 m) on a Shimadzu GCMS-QP2010Plus. ESI-mass spectrometric data was obtained using BRUKER microTOF-II spectrometer. The elemental analyses were recorded by using Perkin
Elmer 2400 at the Faculty of Engineering Science, Osaka University. (Table 1) .
A solution of 1,1,1,3-tetrachloropropane (0.10 mmol), MBTCD (1.2 equiv to 1,1,1,3-tetrachloropropane), Mo 2 cat. (3 mol% to 1,1,1,3-tetrachloropropane), and 1,4-bis(trifluoromethyl)benzene (10 µL) as an internal standard in 0.5 mL of deuterated solvent was prepared in a light shielded J-Young NMR tube. The reaction mixture was heated to 80 ºC.
The conversions and yields were calculated by the 1 H NMR measurement based on the amount of the internal standard. After the certain reaction time, the reaction mixture was quenched by exposing to air. The reaction mixture was concentrated and purified by column chromatography on a silica gel and Kugelrohr distillation. Because of the similar boiling point of 1,1,3-trichloropropane and trimethylsilyltoluene, which was a reaction byproduct derived from MBTCD, both of compounds were isolated as 3:1 mixture (determined by 1 H NMR). 
1-3. Generation of [Mo
S8)
A mixture of Mo 2 (OAc) 2 [(ArN) 2 CH] 2 (Ar = 4-MeOC 6 H 4 ) (6.5 mg, 7.9 µmol) and Me 3 SiCl (10 µL, 79 µmol) in acetonitrile (0.5 mL) was heated to reflux for 24 h. The yellow suspension gradually changed to a pale orange suspension. After the supernatant was decanted, red purple 7 crystals were obtained. The 1 H NMR spectrum and the result of X-ray diffraction study were consistent with those reported data by Cotton et al. , 6.12; N, 6.44. Found: C, 50.80; H, 5.95; N, 6 .50. 
1-6. Preparation of [
1-11. General Procedure for Hydrodehalogenation Reaction of Haloalkanes Catalyzed by
Mo 2 Clusters (Table 2) .
A solution of halogenated substrates (1.0 mmol), MBTCD (1.2 equiv), Mo 2 catalyst (3 mol%),
n Bu 4 NCl (10 mol%) in 5 mL of acetonitrile was prepared in a Schlenk tube covered with Al-foil.
The reaction mixture was heated to 80 ºC. The reaction mixture was quenched by exposing to air after the reaction time, and all the volatiles were removed by evacuation. Excess CF 3 COOH (12 equiv to the substrate) and 3 mL of CHCl 3 were added and heated at 60 ºC for 12 h to decompose trimethylsilyltoluene. The reaction mixture was concentrated and purified by Kugelrohr distillation.
1-12. Details for X-Ray Crystallographic Analysis.
All crystals were handled similarly. The crystals were mounted on the CryoLoop (Hampton Research Corp.) with a layer of light mineral oil and placed in a nitrogen stream at 113(1) K.
Measurements were made on Rigaku AFC7R/Mercury CCD detector with graphite-monochromated Mo-K (0.71075 Å) radiation. Crystal data and structure refinement parameters were listed in Table S5 .
The structures of complexes 7a, 9a, 10a, and 11a were solved by direct methods (SIR-92).
S9
The structures were refined on F 2 by full-matrix least-squares method, using SHELXL-97.
S10
Non-hydrogen atoms were anisotropically refined, except for two carbon atoms of the n Bu 4 N cation in 9a, which were refined in an isotropic manner due to the disorder of those atoms.
H-atoms were included in the refinement on calculated positions riding on their carrier atoms. (m, 4H, (CH 2 ) 2 CO).
13
C NMR (100 MH z, 30 ºC, CDCl 3 ): δ 173. 5, 70.7, 58.9, 51.8, 51.7, 37.4, 33.3, 21.7 Figure S4 . 1 H and 13 C NMR spectra of 1,1,3-trichloropropane (trimethylsilyltoluene (ca. 25%) was contaminated due to the similar boiling point to 1,1,3-trichloropropane): Figure S8 . 1 H NMR spectrum of hydrodehalogenation reaction for run 4 in Table 2 : Figure S9 . 1 H NMR spectrum of hydrodehalogenation reaction for run 5 in Table 2 :
SiMe 3 CH 3
ClSiMe3
Internal standard Figure S10 . 1 H NMR spectrum of hydrodehalogenation reaction for run 6 in Table 2 :
Internal standard Figure S11 . 1 H NMR spectrum of hydrodehalogenation reaction for run 7 in Table 2 :
Internal standard
MBTCD n Bu4NCl
Internal standard Figure S17 . ORTEP drawing of complex 9a. Hydrogen atoms are omitted for clarity. Figure S18 . ORTEP drawing of complex 10a. Hydrogen atoms are omitted for clarity. Figure S19 . ORTEP drawing of complex 11a. Hydrogen atoms are omitted for clarity. (2) , deg.
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115.499 (7) 101.372(6) Table S5 . Crystal Data and Data Collection Parameters (Continued).
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